White light-emitting diodes (W-LEDs) have been regarded as the next generation light source because of their low power consumption, high brightness, high efficiency, longer life, and environmental friendliness. 1-3 Although UV/NUV pumped chips with a phosphor blend of RGB-emitting phosphors can obtain white light with tunable color temperature and high color rendering, and it is very easy to obtain UV/NUV light excited blue/green/red phosphors in Ce 3+ /Eu 2+ doped compounds, the poor efficiency of the UV/NUV LED chips and re-absorption of different phosphors have been commonly encountered. In addition, UV/NUV light is harmful to human skin and eyes.
Instruction
White light-emitting diodes (W-LEDs) have been regarded as the next generation light source because of their low power consumption, high brightness, high efficiency, longer life, and environmental friendliness. [1] [2] [3] Although UV/NUV pumped chips with a phosphor blend of RGB-emitting phosphors can obtain white light with tunable color temperature and high color rendering, and it is very easy to obtain UV/NUV light excited blue/green/red phosphors in Ce 3+ /Eu 2+ doped compounds, the poor efficiency of the UV/NUV LED chips and re-absorption of different phosphors have been commonly encountered. In addition, UV/NUV light is harmful to human skin and eyes.
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Therefore, blue light chip excited W-LEDs are considered as healthier, energy-saving, and environmentally friendly lighting sources. [7] [8] [9] [10] A mature production route is the combination of blue light chip and yellow phosphor (Y,Gd) 3 (Al,Ga) 5 O 12 :Ce 3+ (YAG:Ce 3+ ). While low color rendering index (R a $ 75) and high correlated color temperature (CCT $ 7000 K) are presented in this combination due to insufficiency of red component in the spectrum. These characteristics resulting in limited application areas, such as indoor lighting, commercial lighting, etc. Two main schemes have been developed to fabricate W-LEDs containing sufficient red component: one is optical properties improvement of YAG phosphor via composition variation.
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And the other is adding red nitride phosphor (M 
Characterization
Phase purity was conrmed by X-ray power diffraction (XRD) on a Rigaku D/Max-2400 X-ray diffractometer using Ni-ltered Cu Ka radiation. Rietveld renement was performed by using General Structure Analysis System (GSAS) package. The sample morphology was examined by using scanning electron microscopy (SEM; Hitachi S-4800). Element composition and microstructure were measured on a FEI Tecnai 35 F30 transmission electron microscopy (TEM, FEI Tecnai F30, operated at 300 kV) equipped with an energy dispersive X-ray spectroscopy (EDX). Internal (h i ) quantum efficiencies (QE) was calculated by using the following eqn (1):
where E(l)/hn, R(l)/hn, and P(l)/hn are the numbers of photons in the spectrum of excitation, reectance, and emission, respectively. Room-temperature and temperature-dependent PL spectra were recorded on a FLS-920T uorescence spectrophotometer with a 450 W Xe lamp for excitation and a standard TAP-02 to control the temperature. The diffuse reectance spectra (DRS) were measured on PE lambda 950 UV-vis spectrophotometer by using Ba 2 SiO 4 power as the reference. PL decay curves were measured with a FLS-920T uorescence spectrophotometer with a F900 ns (mF900 microsecond) ash lamp used as the light source. W-LED1 was prepared by using blue light chip ($450 nm, P/N 046VB-S-FA1) and as-prepared LSSO-N:0.02Eu . EL spectra, R a values, CCT, and Commission Internationale de l'Eclairage (CIE) chromaticity coordinates were measured using a SphereOptics integrating sphere with LED measurement starter packages.
Results and discussion

Phase identication and morphology observation
To conrm phase-pure Li 2 SrSiON 2 solid solution is the optimal host, Rietveld renement was conducted based on single crystal data of Li 2 SrSiO 4 (ICSD-167334). The experimental, calculated, and difference results of Rietveld renement are given in ESI Fig. S1 . † A exact match was yielded by rening atomic positions, temperature-dependent factor and prole parameters. Rened crystallographic data was listed in ESI Tables S1 and S2, † respectively. Information in There is a structure overview of LSSON lattice presented in Fig. 2 , along the [100] direction (Fig. 2a) 
where I and I 0 are the luminescence intensity; t is time; and s is the lifetime for the exponential component. The efficient decay 
Optical properties
Optical properties of LSSON:Eu 2+ are showed in Fig. 3 , including UV-visible DRS, PL(E) spectra, and EL spectra of selfpackaged W-LEDs. In Fig. 3a , an absorption band in the range of 200-300 nm is observed in DRS of un-doped LSSON, which comes from the optical band gap of LSSON. Fig. 3b . All of emission spectra cover a wide spectra region ranging from 550 nm to 700 nm. As Eu 2+ ions content increased, luminescence intensity was increasing and reached a maximum at x ¼ 0.02. Then concentration quenching phenomenon occurred caused by non-radiative energy transfer between activator ions. 33 The optimal sample LSSON:0.02Eu 2+ exhibits a bright orange emission peaking at 586 nm with a wide full-width at half-maximum ($110 nm) and an external quantum efficiency of 52.7%. In addition, the emission peak position was redshied from 585 nm to 588 nm as the Eu 2+ ion concentration increases (ESI Fig. S4a †) . Generally, there are two possible reasons for the redshi: one is the increased crystal eld splitting of Eu 2+ ion. The other is reabsorption. In our case, the shrink of single cell can be ignored as Eu 2+ concentration increases, as well as the change of bond length, co-valency, and symmetry. Therefore, the increase of crystal eld splitting can be ignored. Red-shi of emission peak should be ascribed to re-absorption. To validate this deduction, critical distance (R c ) between Eu 2+ of non-radiative energy transfer need to be estimated. Blasse proved that R c has relationship with critical concentration of activator ions, as shown in eqn (4):
where V is the unit cell volume, N is the number of Eu 2+ sites per unit cell, and X c is the critical concentration of Eu 2+ . R c was calculated to be 20.51Å by using parameter values: V ¼ 270.59(0)Å 3 , X c ¼ 0.02, N ¼ 3, which much bigger than the measured Sr 2+ -Sr 2+ distance, indicating that non-radiative energy transfer can be easy to happen and quenching concentration are small (X c ¼ 0.02). Together with small overlap between PLE and PL spectra, energy transfer mechanism could be dominated by electrostatic interaction, and estimated by eqn (5):
where I is the emission intensity, x is the activator ions concentration, K and b are constants in a given host, q is an indication of electric multipolar character with q ¼ 6, 8, 10 corresponding to dipole-dipole, dipole-quadrupole, or quadrupole-quadrupole interactions, respectively. In ESI Fig. S4b . And CIE chromaticity of emission from W-LEDs.
blue LED chip and LSSON:0.02Eu 2+ . Its EL spectrum driven by 300 mA current was measured, as shown in Fig. 3e . temperatures, blue-shi of emission peak can be observed, which ascribed to thermally active phonon-assisted tunneling from excited states of lower-energy emission band to those of higher energy emission band. 34 Meanwhile, emission intensity is gradually decreasing, which caused by thermally activated cross-over from the 4f 6 5d-excited state to the 4f 7 ground state.
By increasing temperature up to 150 C, emission intensity remain at 78% of that measured at room temperature. LSSO-N:0.02Eu 2+ has good thermal stability and better than the reported orange phosphors.
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Good thermal stability generally correspond to rigid lattice. Then degradation behavior of LSSON:0.02Eu 2+ were measured to evaluate its structure stability [ Fig. 4b ]. Under high energy electron beam continuous excitation (5 kV), emission peak remain stable through the whole excitation progress. Emission intensity remain 88% of that measured at the beginning aer continuous electrons excitation for 90 min (inserted gure). The CIE coordination in Fig. 4c is nearly unchanged. Above results reveal that LSSON:0.02Eu 2+ has stable lattice.
The activation energy for thermal quenching can be estimated by following eqn (6):
where I 0 is the initial intensity, I(T) is the intensity at T C, A is a constant, DE is the activation energy for thermal quenching, and K B is the Boltzmann's constant. As calculated in Fig. S4 
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